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(57) An optical pickup apparatus (1 ) for an informa- 
tion reproducing apparatus is adapted to reproduce one 
(1 01 ) of at least first and second type optical record me- 
dia which is loaded on the information reproducing ap- 
paratus. The first and second type optical record media 
have distances from surfaces to information record 
planes different from each other. The optical pickup ap- 
paratus is provided with: a light emission device (2) for 
emitting a reading light; an objective lens (9) for focusing 
the emitted reading light onto the information record 
plane of the loaded one of the first and second type op- 
tical record media such that a focus condition of the fo- 
cused reading light is optimum with respect to the first 
type optical record medium; a correction device (6, 7, 8, 
13) for correcting a spherical aberration of the focused 
reading light with respect to the second type optical 
record medium due to a difference in the distances from 
the surfaces to the information record planes between 
the first and second type optical record media when the 
second type optical record medium is loaded; and a light 
receiving device (1 1 ) for receiving a reflection light of the 
focused reading light from the information record plane 
of the loaded one of the first and second optical record 
media. 
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(57) An optical pickup apparatus (1 ) for an informa- 
tion reproducing apparatus is adapted to reproduce one 
(101) of at least first and second type optical record me- 
dia which is loaded on the information reproducing ap- 
paratus. The first and second type optical record media 
have distances from surfaces to information record 
planes different from each other. The optical pickup ap- 
paratus is provided with: a light emission device (2) for 
emitting a reading light; an objective lens (9) for focusing 
the emitted reading light onto the information record 
plane of the loaded one of the first and second type op- 
tical record media such that a focus condition of the fo- 
cused reading light is optimum with respect to the first 
type optical record medium; a correction device (6, 7, 8, 
1 3) for correcting a spherical aberration of the focused 
reading light with respect to the second type optical 
record medium due to a difference in the distances from 
the surfaces to the information record planes between 
the first and second type optical record media when the 
second type optical record medium is loaded; and a light 
receiving device (1 1 ) for receiving a reflection light of the 
focused reading light from the information record plane 
of the loaded one of the first and second optical record 
media. 
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Description 

The present invention generally relates to an optical 
pickup apparatus and an identification apparatus for 
identifying the type of optical record medium used for s 
the optical pickup apparatus, and more particularly to 
an optical pickup apparatus for reproducing record in- 
formation of optical record media of various types, which 
substrates have various thicknesses, which distances 
from their surfaces to their information record planes are io 
different from each other or which information pits on 
record tracks have various sizes, and an identification 
apparatus for identifying the type of such an optical 
record medium. 

There is a multi-disc player, which can reproduce a is 
CD (Compact Disc) and a LD (Laser vision Disc) etc., 
as a reproducing apparatus able to reproduce a plurality 
of types of optical record media. 

In this kind of multi-disc player, in order to realize 
an optical system optimum for each of the optical discs, 20 
which thicknesses, refraction coefficients, etc., of their 
disc protection layers or their disc substrates are differ- 
ent from each other, a plurality of optical pickup appa- 
ratuses, each of which is exclusive for one of the optical 
discs of various types, are provided and are selectively 25 
used in accordance with the loaded optical disc to be 
reproduced. Thus, the optimum reproduction operation 
can be performed with respect to each of various types 
of optical discs by one multi-disc player. 

In this kind of multi-disc player, in case of identifying 30 
the types of optical discs which disc thicknesses are dif- 
ferent from each other, a mechanical switch is provided 
so as to identify the type of the loaded optical disc on 
the basis of the fact that this mechanical switch is 
pressed or not by the loaded optical disc. Further, in 35 
case of identifying the types of optical discs which ex- 
ternal shapes e.g. the external diameters are different 
from each other, an optical detection device such as a 
light sensor is equipped to detect the existence and non- 
existence of the reflection light reflected by the loaded 40 
optical disc. 

However, since a plurality of optical pickup appara- 
tuses, each of which is exclusive for one of the optical 
discs of various types, are equipped in the above men- 
tioned multi-disc player, the size and cost of the appa- *s 
ratus is increased, which is a serious problem in the 
practical sense. 

In order to overcome this problem, it may be pro- 
posed to use one optical pickup apparatus commonly 
for a plurality of optical discs of various types. However, so 
once the thickness of the protection layer (substrate) is 
far off from the optimum thickness set for each of the 
optical pickup apparatus, a spherical aberration is gen- 
erated in the focused light beam as the reading light 
beam at the information record plane of the optical disc, ss 
which is another serious problem to perform a precise 
reproduction operation. 

More concretely, assuming that the wavelength of 


the reading light beam emitted from a laser diode is X, 
the refraction coefficient of the protection layer of the 
optical disc is n, the difference between the actual thick- 
ness of the protection layer of the optical disc and the 
optimum thickness of the protection layer set for the op- 
tical pickup apparatus is Ad, and the numerical aperture 
of the objective lens is NA, the spherical aberration W 40 
is expressed by a following expression (1). 

W 40 = {(n 2 -1)/8n 3 }*Ad*(NA 4 /X) (1) 

Thus, as the difference Ad is increased, the spher- 
ical aberration W 40 is also increased and the signal qual- 
ity of the read out signal of the optical pickup apparatus 
is degraded, which is the problem. 

Further, the above mentioned mechanical or optical 
identification apparatus for identifying the type of the 
loaded optical disc cannot identify the type of the loaded 
optical disc, if the thicknesses and refraction coefficients 
of the optical discs are substantially same to each other 
but only the distances from the surfaces of the protection 
layers to the information record planes are different from 
each other. In this case, a complicated identifying oper- 
ation such as a comparison of record formats etc t will 
be necessary. 

More concretely, those identification apparatuses 
cannot differentiate a first optical disc of both sides re- 
cording type produced by bonding two discs each of 
which has a protection layer with 0.6 mm thickness, from 
a second optical disc of one side recording type which 
has an external diameter same as the first optical disc 
and which has a protection layer with 1 .2 mm thickness 
which is the problem. 

By the way, in the above mentioned optical pickup 
apparatus, the spot diameter of the reading light beam 
is set to be a value optimum for the size of the informa- 
tion pit of the optical record medium to be reproduced 

The spot diameter R of the reading light beam is 
proportional to the numerical aperture NA of the objec- 
tive lens and the wavelength X of the reading light beam 
Namely, the spot diameter satisfies a following expres- 
sion (2). 

R oc X/NA (2) 

Therefore, in case of reproducing the optical record 
medium which has an information pit of relatively small 
size, in order to make the spot diameter R of the reading 
light beam smaller correspondingly, the numerical aper- 
ture NA of the objective lens is increased assuming that 
the wavelength X of the reading light beam is constant. 

In other words, assuming that the wavelength X of 
the reading light beam is constant, as the numerical ap- 
erture NA is increased, the smaller information pit can 
be reproduced, while, as the numerical aperture NA is 
decreased, the larger information pit can be reproduced. 

The numerical aperture N A of the objective lens has 
a peculiar value for each objective lens. Thus, the optical 
pickup apparatus, which is adjusted to be optimum with 
respect to a first information pit having a certain size, is 
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not suitable for a second information pit having a size 
different from that of the first information pit. Therefore, 
the distortion will be generated in the reproduction signal 
if this optical pickup apparatus is used with respect to 
an optical record medium formed with the second infor- 
mation pit, which is a problem in this case. 

In this manner, it is not possible for one optical pick- 
up apparatus to reproduce optical discs which sizes of 
the information pits are different from each other. Even 
if the reproduction is performed in such a condition, the 
precise reproduction operation is not possible, which is 
the problem. 

It is therefore a first object of the present invention 
to provide an optical pickup apparatus for an information 
reproducing apparatus, which can reproduce optical 
record media of different types. 

It is a second object of the present invention to pro- 
vide an identification apparatus for identifying the type 
of optical disc loaded on such an information reproduc- 
ing apparatus. 

The above mentioned first object of the present in- 
vention can be achieved by a first optical pickup appa- 
ratus for an information reproducing apparatus adapted 
to reproduce one of at least first and second type optical 
record media which is loaded on the information repro- 
ducing apparatus. The first and second type optical 
record media have distances from surfaces to informa- 
tion record planes different from each other. The first op- 
tical pickup apparatus is provided with: a light emission 
device for emitting a reading light; an objective lens for 
focusing the emitted reading light onto the information 
record plane of the loaded one of the first and second 
type optical record media such that a focus condition of 
the focused reading light is optimum with respect to the 
first type optical record medium; a correction device for 
correcting a spherical aberration of the focused reading 
light with respect to the second type optical record me- 
dium due to a difference in the distances from the sur- 
faces to the information record planes between the first 
and second type optical record media when the second 
type optical record medium is loaded; and a light receiv- 
ing device for receiving a reflection light of the focused 
reading light from the information record plane of the 
loaded one of the first and second optical record media. 

According to the first optical pickup apparatus, the 
reading light is emitted by the light emission device. 
Then, the emitted reading light is focused onto the in- 
formation record plane of the loaded optical record me- 
dium by the objective lens, such that a focus condition 
of the focused reading light is optimum with respect to 
the first type optical record medium. Thus, when the first 
type optical record medium is loaded, the optimum focus 
condition can be obtained without the necessity of the 
correction device for correcting the spherical aberration. 
On the other hand, when the second type optical record 
medium is loaded, the spherical aberration of the fo- 
cused reading light due to the difference in the distances 
from the surfaces to the information record planes be- 


tween the first and second type optical record media is 
corrected by the correction device. Namely, when the 
second type record medium is loaded, the optimum fo- 
cus condition can be obtained by virtue of the correction 

s device for correcting the spherical aberration. Finally 
the reflection light of the focused reading light from the 
information record plane of either one of the first and 
second optical record media is received by the light re- 
ceiving device. Consequently, the optimum reproduc- 

10 tion can be performed with respect to either one of the 
first and second type optical record media, according to 
the first optical pickup apparatus of the present inven- 
tion. 

In one aspect of the first optical pickup apparatus 
is of the present invention, the correction device is provid- 
ed with: a correction element for correcting the spherical 
aberration when the correction element is placed in an 
optical path of the emitted reading light between the light 
emission device and the objective lens; and a moving 
20 device for selectively moving the correction element into 
the optical path and out of the optical path in accordance 
with a disc identification signal, which is inputted from 
the external and indicates the type of the loaded one of 
the first and second optical record media. According to 
25 this aspect, the spherical aberration is corrected by the 
correction element when the second optical record me- 
dium is loaded, since the correction element is placed 
in the optical path at this event by virtue of the moving 
device which moves the correction element in accord- 
30 ance with the disc identification signal. The disc identi- 
fication signal is inputted from the external e.g. from a 
disc identification apparatus of the present invention as 
described later. Thus, on the basis of the disc identifica- 
tion signal, the optimum reproduction operation can be 
35 performed. 

In another aspect of the first optical pickup appara- 
tus of the present invention, the first optical pickup ap- 
paratus is further provided with a first optical element 
for guiding the emitted reading light from the light emis- 
40 sion device to the objective lens when the first optical 
element is placed at a predetermined optical position in 
an optical path between the light emission device and 
the objective lens. The correction device is provided 
with: a second optical element for guiding the emitted 
45 reading light from the light emission device to the objec- 
tive lens and for correcting the spherical aberration 
when the second optical element is placed at the pre- 
determined optical position; and an exchanging device 
for exchanging the first and second optical elements to 
50 each other such that the first optical element is placed 
at the predetermined optical position when the first type 
optical record medium is loaded and that the second op- 
tical element is placed at the predetermined optical po- 
sition when the second type optical record medium is 
55 loaded, in accordance with a disc identification signal, 
which is inputted from the external and indicates the 
type of the loaded one of the first and second optical 
record media. According to this aspect, the spherical ab- 
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erration is corrected by the second optical element when 
the second optical record medium is loaded, since the 
second optical element is placed in the optical path at 
this event by virtue of the exchanging device which ex- 
changes the first and second optical element in accord- 
ance with the disc identification signal. Thus, on the ba- 
sis of the disc identification signal, the optimum repro- 
duction operation can be performed. 

In this aspect, the first optical element may be pro- 
vided with a first collimator lens for collimating the emit- 
ted reading light, and the second optical element may 
be provided with a second collimator lens for collimating 
the emitted reading light and for correcting the spherical 
aberration. Thus, the spherical aberration can be cer- 
tainly corrected by use of the collimator lens. 

In another aspect of the first optical pickup appara- 
tus of the present invention, the light emission device is 
provided with at least first and second light sources for 
emitting first and second reading lights respectively. The 
first optical pickup apparatus is further provided with a 
first optical element for guiding the first reading light 
from the first light source to the objective lens. The cor- 
rection device is provided with: a second optical element 
for guiding the second reading light from the second light 
source to the objective lens and for correcting the spher- 
ical aberration; and a driving device for selectively driv- 
ing the first and second light sources to emit the first and 
second reading lights respectively such that the first light 
source emits the first reading light when the first type 
optical record medium is loaded and that the second 
light source emits the second reading light when the 
second type optical record medium is loaded, in accord- 
ance with a disc identification signal, which is inputted 
from the external and indicates the type of the loaded 
one of the first and second optical record media. Accord- 
ing to this aspect, the spherical aberration is corrected 
by the second optical element when the second optical 
record medium is loaded, since the second light source 
is driven to emit the second reading light at this event 
by virtue of the driving device which selectively drives 
the first and second light sources in accordance with the 
disc identification signal. Thus, on the basis of the disc 
identification signal, the optimum reproduction opera- 
tion can be performed. 

In this aspect, the driving device may be provided 
with: a first driving circuit for driving the first light source; 
a second driving circuit for driving the second light 
source; and a driving control circuit for controlling the 
first and second light sources to selectively emit the first 
and second reading lights respectively, in accordance 
with the disc identification signal. Thus, a reliable oper- 
ation of driving the light sources can be performed. Al- 
ternatively, the driving device may be provided with: a 
driving circuit for driving one of the first and second light 
sources, which is electrically connected with the driving 
circuit; and a switching device for electrically connecting 
the driving circuit to the first light source when the first 
type optical record medium is loaded and electrically 


connecting the driving circuit to the second light source 
when the second type optical record medium is loaded, 
in accordance with the disc identification signal. Thus, 
by use of just one driving circuit, a plurality of light sourc- 

s es can be driven, so that the size and cost of the optical 
pickup apparatus can be reduced. 

In this aspect, the first optical pickup apparatus may 
be further provided with a beam splitter disposed be- 
tween the light emission device and the objective lens 

10 for combining optical paths of the first and second read- 
ing lights respectively emitted from the first and second 
light sources. Thus, two optical paths can be exactly 
combined by use of a relatively simple construction. Al- 
ternatively, the first optical pickup apparatus may be f ur- 

*5 ther provided with a half mirror disposed between the 
light emission device and the objective lens for combin- 
ing optical paths of the first and second reading lights 
respectively emitted from the first and second light 
sources. 

20 Further, in this aspect, the first optical element may 
be provided with a first collimator lens for collimating the 
first reading light, and a second collimator lens for col- 
limating the second reading light and for correcting the 
spherical aberration. Thus, the spherical aberration can 

25 be certainly corrected by use of the collimator lens. 

The above mentioned first object of the present in- 
vention can be also achieved by a second optical pickup 
apparatus for an information reproducing apparatus 
adapted to reproduce one of at least first and second 

30 type optical record media which is loaded on the infor- 
mation reproducing apparatus. The first and second 
type optical record media have information pits, which 
sizes are different from each other, and record tracks, 
on which the information pits are arranged respectively 

35 The second optical pickup apparatus is provided with: 
a light emission device for emitting a reading light: an 
objective lens for focusing the emitted reading light onto 
the information record plane of the loaded one of the 
first and second type optical record media such that a 

40 light intensity distribution in a tangential direction of the 
record track of the focused reading light is optimum with 
respect to the first type optical record medium: a correc- 
tion device for correcting the light intensity distribution 
in the tangential direction of the focused reading light 

45 with respect to the second type optical record medium 
due to a difference in the sizes of the information pits 
between the first and second type optical record media 
when the second type optical record medium is loaded; 
and a light receiving device for receiving a reflection light 

50 of the focused reading light from the information record 
plane of the loaded one of the first and second optical 
record media. 

According to the second optical pickup apparatus, 
the reading light is emitted by the light emission device. 

55 Then, the emitted reading light is focused onto the in- 
formation record plane of the loaded optical record me- 
dium by the objective lens, such that the light intensity 
distribution in the tangential direction of the focused 
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reading light is optimum with respect to the first type op- 
tical record medium. Thus, when the first type optical 
record medium is loaded, the optimum light intensity dis- 
tribution in the tangential direction can be obtained with- 
out the necessity of the correction device for correcting 
the light intensity distribution. On the other hand, when 
the second type optical record medium is loaded, the 
light intensity distribution in the tangential direction of 
the focused reading light due to the difference in the dis- 
tances from the surfaces to the information record 
planes between the first and second type optical record 
media is corrected by the correction device. Namely, 
when the second type record medium is loaded, the op- 
timum light intensity distribution can be obtained by vir- 
tue of the correction device for correcting the light inten- 
sity distribution as if the numerical aperture of the ob- 
jective lens were adjusted to the size of the information 
pit of the second type optical record medium. Finally, the 
reflection light of the focused reading light from the in- 
formation record plane of either one of the first and sec- 
ond optical record media is received by the light receiv- 
ing device. Consequently, the optimum reproduction 
can be performed with respect to either one of the first 
and second type optical record media, according to the 
second optical pickup apparatus of the present inven- 
tion. 

In one aspect of the second optical pickup appara- 
tus, the correction device is provided with: a correction 
element for correcting the light intensity distribution 
when the correction element is placed in an optical path 
of the emitted reading light between the light emission 
device and the objective lens; and a moving device for 
selectively moving the correction element into the opti- 
cal path and out of the optical path in accordance with 
a disc identification signal, which is inputted from the 
external and indicates the type of the loaded one of the 
first and second optical record media. According to this 
aspect, the light intensity distribution is corrected by the 
correction element when the second optical record me- 
dium is loaded, since the correction element is placed 
in the optica! path at this event by virtue of the moving 
device which moves the correction element in accord- 
ance wiLh the disc identification signal. Thus, on the ba- 
sis of the disc identification signal, the optimum repro- 
duction operation can be performed. 

In another aspect of the second optical pickup ap- 
paratus, the correction device is provided with a slit plate 
having a light cutting plate formed with a slit for shad- 
owing both edge portions of the emitted reading light in 
the tangential direction by the light cutting plate and for 
transmitting a central portion of the emitted reading light 
in the tangential direction through the slit. Thus, by use 
of a rather simple construction, the light intensity distri- 
bution in the tangential direction of the record track can 
be corrected, and the optimum reproduction operation 
can be performed. 

In another aspect of the second optical pickup ap- 
paratus, the correction device is provided with a glass 


filter having a glass plate and coating layers formed on 
both edge portions of a surface of the glass plate such 
that both edge portions of the emitted reading light in 
the tangential direction are shadowed by the coating lay- 

5 ers and that a central portion of the emitted reading light 
in the tangential direction is transmitted through a por- 
tion of the glass plate between the coating layers. Thus, 
by use of a rather simple construction, the light intensity 
distribution in the tangential direction of the record track 

10 can be corrected, and the optimum reproduction oper- 
ation can be performed. 

In another aspect of the second optical pickup ap- 
paratus, the correction device is provided with a glass 
plate and gratings formed on both edge portions of a 

15 surface of the glass plate such that both edge portions 
of the emitted reading light in the tangential direction are 
transmitted through the gratings and that a central por- 
tion of the emitted reading light in the tangential direction 
is transmitted through a portion of the glass plate be- 

20 tween the gratings. Thus, by use of a rather simple con- 
struction, the light intensity distribution in the tangential 
direction of the record track can be corrected, and the 
optimum reproduction operation can be performed 
In another aspect of the second optical pickup ap- 

25 paratus, the correction device is provided with: a liquid 
crystal shutter which is fixed in an optical path between 
the light emission device and the objective lens for shut- 
ting both edge portions of the emitted reading light in the 
tangential direction such that a central portion of the 

30 emitted reading light in the tangential direction is trans- 
mitted therethrough when the liquid crystal shutter »s 
electrically driven to shut; and a liquid crystal driving de- 
vice for electrically driving the liquid crystal shutter when 
the second type optical record medium is loaded Thus 

35 since the driving mechanism for moving the correction 
element is not necessary, the construction of the optical 
pickup apparatus can be made simplified and the size 
of the optical pickup apparatus can be reduced 

In another aspect of the second optical pickup ap- 

40 paratus, the correction device is disposed on one of a 
grating, a half mirror, a collimator lens and the objective 
lens which are arranged in an optical path from the light 
emission device to the loaded one of the first and second 
optical record media. Thus, since the separate correc- 
ts tion element is not installed, the construction of the op- 
tical pickup apparatus can be made simplified and the 
size of the optical pickup apparatus can be reduced 

The above mentioned second object of the present 
invention can be achieved by an identification apparatus 

50 for identifying a type of optical record medium loaded 
on an information reproducing apparatus among at least 
first and second type optical record media which have 
distances from surfaces to information record planes dif - 
ferent from each other The information reproducing ap- 

55 paratus is provided with: an objective lens for focusing 
a reading light onto the information record plane of the 
loaded optical record medium; and a focus coil for driv- 
ing the objective lens in a focusing direction. The iden- 
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tification apparatus is provided with: a detection device 
for detecting a voltage corresponding to a current, which 
flows through the focus coil when a focusing condition 
is optimum, and outputting a voltage signal indicating 
the detected voltage; a low pass filter for passing a low 
frequency component of the voltage signal and output- 
ting a low frequency component signal; and a compari- 
son device for comparing a voltage of the low frequency 
component signal with at least one standard voltage, 
which is set in advance based on the distances from the 
surfaces to the information record planes of the first and 
second optical record media, and for outputting an disc 
identification signal, which indicates the type of the load- 
ed optical record medium, on the basis of a result of 
comparing. 

According to the identification apparatus of the 
present invention, the voltage corresponding to a cur- 
rent, which flows through the focus coil when a focusing 
condition is optimum, is detected and outputted as the 
voltage signal by the detection device. Then, the low fre- 
quency component of the voltage signal is passed or 
extracted and outputted as the low frequency compo- 
nent signal by the low pass filter. Then, the voltage of 
the low frequency component signal is compared with 
the standard voltage by the comparison device, and the 
disc identification signal is finally outputted by the com- 
parison device on the basis of the result of comparing. 
Since the standard voltage is set in advance based on 
the distances from the surfaces to the information record 
planes of the first and second optical record media, and 
since the voltage detected by the detection device cor- 
responds to the current, which flows through the focus 
coil when the focusing condition is optimum, the types 
of optical record media which have distances from sur- 
faces to information record planes different from each 
other can be easily and reliably identified according to 
the identification apparatus of the present invention. 

The nature, utility, and further features of this inven- 
tion will be more clearly apparent from the following de- 
tailed description with respect to preferred embodi- 
ments of the invention when read in conjunction with the 
accompanying drawings briefly described below. 

FIG. 1 is a block diagram of an optical pickup appa- 
ratus as a first embodiment of the present invention; 
FIG. 2A is a block diagram of a disc identifying sen- 
sor used for the optical pickup apparatus of FIG.1 , 
FIG. 2B is a diagram explaining a stroke with re- 
spect to the DVD in the optical pickup apparatus of 
FIG. 1 , and FIG. 2C is a diagram explaining a stroke 
with respect to the CD in the optical pickup appara- 
tus of FIG. 1; 

FIG. 3 is a table for explaining an operation of the 
first embodiment; 

FIG. 4 is a block diagram of an optical pickup appa- 
ratus as a second embodiment of the present inven- 
tion; 

FIG. 5 is a table for explaining an operation of the 


second embodiment; 

FIG. 6 is a block diagram of an optical pickup appa- 
ratus as a third embodiment of the present inven- 
tion; 

5 FIG. 7 A is a block diagram of an optical system of 

the third embodiment in one state, and FIG. 7B is 
block diagram of the optical system of the third em- 
bodiment in another state; 

FIG. 8 is a block diagram of an optical pickup appa- 
10 ratus as a fourth embodiment of the present inven- 
tion; 

FIG. 9A is a block diagram of an optical system of 
a fifth embodiment of the present invention in one 
state, and FIG. 9B is a block diagram of the optical 
is system of the fifth embodiment in another state; 

FIG. 10 is a block diagram of an optical pickup ap- 
paratus as a sixth embodiment of the present inven- 
tion; 

FIG. 11 is a partial cross sectional view of a slit plate, 
20 an actuator movable member and an objective lens 
in an optical pickup apparatus of the sixth embodi- 
ment; 

FiG. 1 2 is a magnified partial plan view of an optical 
disc in the sixth embodiment; 
25 FIG. 1 3 is a diagram for explaining the correction in 
a light intensity distribution according to the sixth 
embodiment; 

FIG. 14 is another diagram for explaining the cor- 
rection in the light intensity distribution according to 

30 the sixth embodiment; 

FIG. 1 5 is a plan view of a glass filter used in a sev- 
enth embodiment of the present invention; 
FIG. 16 is a plan view of a light intensity distribution 
correction element in an eighth embodiment of the 

35 present invention; 

FIG. 17 is a plan view of a light intensity distribution 
correction element in a ninth embodiment of the 
present invention; 

FIG. 1 8 is a block diagram of an optical system in a 
40 tenth embodiment of the present invention; and 

FIG. 19 is a block diagram of an optical system in 
an eleventh embodiment of the present invention. 

Referring to the accompanying drawings, embodi- 
45 ments of the present invention will be now explained. 

(1) First Embodiment: 

FIG. 1 shows a construction of an optical pickup ap- 
50 paratus as a first embodiment, which is equipped in an 
optical disc player, of the present invention. 

In FIG. 1 , an optical pickup apparatus 1 is provided 
with: a semiconductor laser diode 2 for emitting a read- 
ing light; a grating 3 for separating the reading light into 
55 three beams; a half mirror 4 for reflecting and guiding 
the reading light from the laser diode 2 toward the side 
of an objective lens 9, and transmitting the reading light 
from the side of the objective lens 9 toward a light re- 
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ceiving element 1 1 ; a collimator lens 5 for converting the 
reading light which is a diffused light to a collimated light; 
a correcting element 6 for correcting the spherical aber- 
ration consisting of a spherical lens, a Fresnel lens, etc.; 
a driving mechanism 7 for moving the correction ele- 
ment 6; a driving circuit 8 for driving the driving mecha- 
nism 7 to move the correction element 6 into the optical 
path and move the correction element 6 out of the optical 
path, by outputting a driving control signal Sdr on the 
basis of a control signal Sc to the driving mechanism 7; 
the objective lens 9 for condensing and focusing the 
reading light onto an optical disc 101; a concave lens 
10 for shaping the reading light, which is transmitted 
from the objective lens 9 through the half mirror 4; and 
the light receiving element 11 for receiving the reading 
light shaped by the concave lens 10, converting it to an 
electrical signal and outputting it as a detection signal 
Sdet. 

The optical disc player is provided with a disc iden- 
tifying sensor 1 2, as one example of a disc identification 
apparatus, for identifying the type of the optical disc 101 
and outputting a disc identification signal Sd indicating 
the identified type of the optical disc 101 . 

The optical pickup apparatus 1 is further provided 
with a control circuit 1 3 for generating the control signal 
Sc for controlling the moving in and out operation of the 
correction element 6 on the basis of the disc identifica- 
tion signal Sd. 

The optical disc player is further provided with: a 
signal process unit 14 for performing a predetermined 
signal process of the detection signal Sdet from the light 
receiving element 1 1 , and a servo control unit 1 5 for per- 
forming servo controls such a focus servo control, a 
tracking servo control, a spindle servo control, etc., by 
generating servo control signals Sser on the basis of the 
signal processed by the signal process unit 14. 

The three lights separated by the grating 3 are ap- 
plied onto one record track of the optical disc 1 01 to form 
three light spots arranged along one record track and 
slightly spaced from each other so as to allow the optical 
pickup apparatus 1 to use one of the reflection lights 
from those three light spots which is in the best optical 
condition among the three reflection lights. 

Here, a construction of the disc identifying sensor 
12 is explained with referring to FIG. 2. 

The disc identifying sensor 12 is provided with: a 
low pass filter 1 2A for passing only a low frequency com- 
ponent of the electric current flowing through a focus 
coil, which drives the objective lens 9 in the direction of 
focusing, and outputting it as a low frequency compo- 
nent signal having a voltage Vdc; and a comparator 1 2B 
for comparing the voltage Vdc of the low frequency com- 
ponent signal with a standard voltage Vref, and gener- 
ating the disc identification signal Sd based on the result 
of the comparison. 

In case of identifying two types of optical discs, one 
of which is the DVD (Digital Video Disc) made by bond- 
ing two discs each having the protection layer (sub- 


strate) thickness of 0.6 mm as shown in FIG. 2B, and 
the other of which is the CD (Compact Disc) having the 
protection layer thickness of 1.2 mm as shown in FIG. 
2C, the voltage Vdc of the low frequency component sig- 
s nal corresponding to the protection layer thickness of 
0.9 mm (=(0.6 + 1 .2)/2 mm) is set as the standard volt- 
age Vref in the disc identifying sensor 1 2, for example. 

Since the protection layer of the optical disc has a 
refraction coefficient n, a stroke (driving distance) d of 
10 the objective lens 9 is substantially proportional to "t/n D 
in case that the incident angle of the light beam is rela- 
tively small, wherein t represents the thickness of the 
protection layer. Thus, assuming that the focus position 
is at the surface of the protection layer when the focus 
is servo is not performed, the driving distance d of the ob- 
jective lens 9 when the focus servo is closed with re- 
spect to the DVD as shown in FIG. 2B, and the driving 
distance 2d of the objective lens 9 when the focus servo 
is closed with respect to the CD as shown in FIG. 2C, 
20 are different from each other by two times (= 1 .2 / 0.6 
times). 

Therefore, by adjusting the focus position to be at 
the surface of the protection layer when the focus servo 
is not performed, the disc identifying sensor 12 outputs 
25 the disc identification signal Sd, which indicates that the 
identified disc type is the CD, if the voltage Vmdc ob- 
tained as the voltage Vdc of the low frequency compo- 
nent signal exceeds the standard voltage Vref, and out- 
puts the disc identification signal Sd, which indicates 
30 that the identified disc type is the DVD if the voltage Vm- 
dc does not exceeds the standard voltage Vref. 

In the explanations hereinbelow, the standard volt- 
age Vref is set as the above explained manner. 

Nextly, the operation of the optical pickup apparatus 
35 1 will be described with referring to FIGs. 1 to 3. 

In advance of the information reproduction opera- 
tion, the optical pickup apparatus 1 closes the focus ser- 
vo to get the reading light focused on the information 
record plane of the optical disc 101 . 
40 By this, the low pass filter 1 2A passes only the low 
frequency component of the voltage signal correspond- 
ing to the electric current flowing through the focus coil 
for driving the objective lens 9 in the focusing direction, 
and outputs it as the low frequency component signal 
45 having the voltage Vdc to the comparator 12B in FIG. 
2A. By this, the comparator 12B compares the voltage 
Vdc of the low frequency component signal with the 
standard voltage Vref and outputs the disc identification 
signal Sd corresponding to the identified type of the op- 
50 tical disc 101 , which is loaded on the optical disc player 
in FIG. 2A. 

More concretely, if the voltage Vmdc obtained as 
the voltage Vdc of the low frequency component signal 
exceeds the standard voltage Vref, the disc identifying 
55 sensor 1 2 outputs the disc identification signal Sd, which 
indicates that the identified disc type is the CD, to the 
control circuit 1 3. If the voltage Vmdc does not exceeds 
the standard voltage Vref, the disc identifying sensor 1 2 
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outputs the disc identification signal Sd, which indicates 
that the identified disc type is the DVD, to the control 
circuit 13. 

By this, the control circuit 1 3 outputs the control sig- 
nal Sc to the driving circuit 8 to control the moving in and 
out operation for the correction element 6 on the basis 
of the disc identification signal Sd in FIG. 1. 

As a result, the driving circuit 8 outputs the driving 
control signal Sdr to the driving mechanism 7 on the ba- 
sis of the control signal Sc, so as to move the correction 
element 6 into or out of the optical path in accordance 
with the disc identification signal Sd. 

More concretely, it is assumed that the optical sys- 
tem of the optical pickup apparatus 1 is set to be suitable 
for the CD when the correction element 6 is not in the 
optical path. When the disc identification signal Sd indi- 
cates the CD, the correction element 6 is not moved if 
it is not in the optical path, and is moved out of the optical 
path if it is in the optical path, as shown in FIG. 3. 

On the other hand, when the disc identification sig- 
nal Sd indicates the DVD, the correction element 6 is 
moved into the optical path if it is in the optical path, and 
is not moved out if it is already in the optical path. 

As described above in detail, according to the first 
embodiment, the type of the loaded optical disc is de- 
tected just by the difference in the thickness of the pro- 
tection layer, and the optimum aberration correction is 
performed for the identified type of the optical disc, so 
that the optimum reproduction operation for the loaded 
optical disc can be easily performed. 

In the above first embodiment, the explanation has 
been made for the case of identifying two types of the 
optical discs which protection layer thicknesses are dif- 
ferent from each other (i.e. the CD and the DVD). How- 
ever, it is possible to construct the optical pickup appa- 
ratus 1 such that a plurality of standard voltages may be 
set for the comparator 1 2B, more than two types of the 
optical discs may be identified and a plurality of correc- 
tion elements are exchanged in accordance with the 
identified types of the optical discs. 

(2) Second Embodiment: 

FIG. 4 shows a construction of an optical pickup ap- 
paratus as a second embodiment, which is equipped in 
an optical disc player, of the present invention. In FIG. 
4, constitutional elements same as those in the first em- 
bodiment of FIG. 1 carry the same reference numerals 
and the explanation thereof are omitted. In the second 
embodiment, it is assumed that two types of optical 
discs i.e. the CD and the DVD are loaded on the optical 
disc player. 

In FIG. 4, an optical pickup apparatus 20 is provided 
with: a semiconductor laser diode 2 for emitting a read- 
ing light; a grating 3 for separating the reading light into 
three beams; a half mirror 4 for reflecting and guiding 
the reading light from the laser diode 2 toward the side 
of an objective lens 9, and transmitting the reading light 


from the side of the objective lens 9 toward a light re- 
ceiving element 11; a first collimator lens 5A having an 
optical parameter suitable for the CD for converting the 
reading light which is a diffused light to a collimated light; 

s a second collimator lens 5B having an optical parameter 
suitable for the DVD for converting the reading light 
which is a diffused light to a collimated light; a driving 
mechanism 7A for the first and second collimator lenses 
5A and 5B; a driving circuit 8A for driving the driving 

io mechanism 7A to exchange the first and second colli- 
mator lenses 5A and 5B with respect to the optical path, 
by outputting a driving control signal Sdr on the basis of 
a control signal Sc to the driving mechanism 7 A; the ob- 
jective lens 9 for condensing and focusing the reading 

is light onto an optical disc 101; a concave lens 10 for 
shaping the reading light, which is transmitted from the 
objective lens 9 through the half mirror 4; a light receiv- 
ing element 11 for receiving the reading light shaped by 
the concave lens 10, converting it to an electrical signal 

20 and outputting it; and a control circuit 1 3 for generating 
the control signal Sc for controlling the exchanging op- 
eration of the first and second collimator lenses 5A and 
5B on the basis of the disc identification signal Sd The 
optical disc player is provided with: a disc identifying 

25 sensor 1 2 for identifying the type of the optical disc 101 
and outputting a disc identification signal Sd indicating 
the identified type of the optical disc 101 , which has the 
same construction as that explained in the first embod- 
iment by use of FIGs. 2A to 2C. 

30 Next the operation of the optical pickup apparatus 
2U will be described with referring to FIGs. 2A. 4 and 5 
In advance of the information reproduction opera- 
tion, the optical pickup apparatus 20 closes the locus 
servo to get the reading light focused on the information 

55 record plane of the optical disc 101 . 

By this, the low pass filter 12A passes only the low 
frequency component of the voltage signal correspond- 
ing to the electric current flowing through the focus coil 
for driving the objective lens 9 in the focusing direction 

40 and outputs it as the low frequency component signal 
having the voltage Vdc to the comparator 12B in FIG 
2A. By this, the comparator 12B compares the voltage 
Vdc of the low frequency component signal with the 
standard voltage Vref and outputs the disc identilication 

45 signal Sd corresponding to the identified type of the op- 
tical disc 101, which is loaded on the optical disc player 
in FIG. 2A. 

By this, the control circuit 1 3 outputs the control sig- 
nal Sc to the driving circuit 8A to control the exchanging 
50 operation for the first and second collimator lenses 5A 
and 5B on the basis of the disc identification signal Sd 
in FIG. 4. 

As a result, the driving circuit 8A outputs the driving 
control signal Sdr to the driving mechanism 7A on the 
55 basis of the control signal Sc, so as to exchange the first 
and second collimator lenses 6A and 6B in accordance 
with the disc identification signal Sd. 

More concretely, it is assumed that the optical sys- 
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tern of the optical pickup apparatus 20 is set to be suit- 
able for the CD when the first collimator lens 5 A is placed 
in the optical path. When the disc identification signal 
Sd indicates the CD, the first collimator lens 5A is not 
exchanged and remains as it is if the first collimator lens 
5 A is already placed in the optical path, and the second 
collimator lens 5B is exchanged to the first collimator 
lens 5A if the second collimator lens 5B is placed in the 
optical path, as shown in FIG. 5. 

On the other hand, when the disc identification sig- 
nal Sd indicates the DVD, the first collimator lens 5A is 
exchanged to the second collimator lens 5B if the first 
collimator lens 5A is placed in the optical path, and the 
second collimator lens 5B is not exchanged and remains 
as it is if the second collimator lens 5B is already placed 
in the optical path. 

As described above in detail, according to the sec- 
ond embodiment, the type of the loaded optical disc is 
detected just by the difference in the thickness of the 
protection layer, and the first or second collimator lens 
5A or 5B, which is optimum for the loaded optical disc, 
is placed in the optical path, so that the optimum repro- 
duction operation for the loaded optical disc can be eas- 
ily performed. 

In the above second embodiment, the explanation 
has been made for the case of identifying two types of 
the optical discs which protection layer thicknesses are 
different from each other (i.e. the CD and the DVD). 
However, it is possible to construct the optical pickup 
apparatus 20 such that more than two collimator lenses 
may be prepared, more than two types of the optical 
discs may be identified and the collimator lenses are ex- 
changed in accordance with the identified types of the 
optical discs. 

Further, in the above second embodiment, the ex- 
planation has been made for the case of exchanging the 
collimator lenses. However, it is also possible to con- 
struct the optical pickup apparatus 20 such that other 
optical elements having different optical parameters 
may be exchanged. 

(3) Third Embodiment: 

In the first and second embodiments, the number 
of the reading light emitting optical system is just one. 
In a third embodiment, two reading light emitting optical 
systems are provided. 

FIG. 6 shows a construction of an optical pickup ap- 
paratus as a third embodiment, which is equipped in an 
optical disc player, of the present invention. In FIG. 6, 
constitutional elements same as those in the first em- 
bodiment of FIG. 1 carry the same reference numerals 
and the explanation thereof are omitted. In the second 
embodiment, it is assumed that two types of optical 
discs i.e. the CD and the DVD are loaded on the optical 
disc player. 

In FIG. 6, an optical pickup apparatus 30 is provided 
with: a first semiconductor laser diode 2A for emitting a 


reading light; a first driving circuit 31 A for driving the first 
laser diode 2A; a first grating 3A for separating the read- 
ing light from the first laser diode 2A into three beams; 
a first collimator lens 32A for converting the reading 
5 light, which is a diffused light from the first laser diode 
2A and has optical parameters suitable for the CD, to a 
collimated light; a second semiconductor laser diode 2B 
for emitting a reading light; a second driving circuit 31 B 
for driving the second laser diode 2B; a second grating 
10 3B for separating the reading light from the second laser 
diode 2B into three beams; a second collimator lens 32B 
for converting the reading light, which is a diffused light 
from the second laser diode 2B and has optical param- 
eters suitable for the DVD, to a collimated light; a first 
is beam splitter 33 for transmitting the reading light from 
the first collimator lens 32A and reflecting the reading 
light from the second collimator lens 32B; a second 
beam splitter 34 for transmitting the reading light from 
the first beam splitter 33 toward the objective lens 9 and 
20 reflecting the reading light from the objective lens 9 to- 
ward a light receiving element 11; the objective lens 9 
for condensing and focusing the reading light onto an 
optical disc 1 01 ; a concave lens 1 0 for shaping the read- 
ing light, which is transmitted from the objective lens 9 
25 and reflected by the second beam splitter 34; the light 
receiving element 11 for receiving the reading light 
shaped by the concave lens 1 0, converting it to an elec- 
trical signal and outputting it; and a control circuit 1 3 for 
generating the control signal Sc to selectively control the 
30 first and second driving circuits 31 A and 31 B to drive the 
respective laser diodes 2A and 2B on the basis of the 
disc identification signal Sd. The optical disc player is 
provided with a disc identifying sensor 12 for identifying 
the type of the optical disc 101 and outputting a disc 
35 identification signal Sd indicating the identified type of 
the optical disc 101, which has the same construction 
as that explained in the first embodiment by use of FIGs. 
2A to 2C. 

Next the operation of the optical pickup apparatus 
40 30 will be described with referring to FIGs. 2A and 6 to 
7B. 

In advance of the information reproduction opera- 
tion, the optical pickup apparatus 30 closes the focus 
servo to get the reading light focused on the information 
45 record plane of the optical disc 101 . 

By this, the low pass filter 12A passes only the low 
frequency component of the voltage signal correspond- 
ing to the electric current flowing through the focus coil 
for driving the objective lens 9 in the focusing direction, 
50 and outputs it as the low frequency component signal 
having the voltage Vdc to the comparator 12B in FIG. 
2A. By this, the comparator 12B compares the voltage 
Vdc of the low frequency component signal with the 
standard voltage Vref and outputs the disc identification 
55 signal Sd corresponding to the identified type of the op- 
tical disc 101 , which is loaded on the optical disc player 
in FIG. 2A. 

By this, the control circuit 1 3 selectively outputs the 
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control signal Sc to either one of the first and second 
driving circuits 31 A and 31 B on the basis of the disc 
identification signal Sd in FIG. 6. 

As a result, the selected driving circuit 31 A or 31 B 
drives the laser diode 2 A or 2B on the basis of th e control 
signal Sc, so as to enable the reproduction operation. 

More concretely, it is assumed that the optical sys- 
tem of the optical pickup apparatus 30 is set to be suit- 
able for the CD when the reading light is emitted from 
the first laser diode 2A and that the optical system of the 
optical pickup apparatus 30 is set to be suitable for the 
DVD when the reading light is emitted from the second 
laser diode 2B. When the disc identification signal Sd 
indicates the CD, the first driving circuit 31 A is driven by 
the control circuit 13, so that the first laser diode 2A is 
driven to emit the reading light to perform the reproduc- 
tion operation as shown in FIG. 7A. When the disc iden- 
tification signal Sd indicates the DVD, the second driving 
circuit 31 B is driven by the control circuit 1 3, so that the 
second laser diode 2B is driven to emit the reading light 
to perform the reproduction operation as shown in FIG. 
7B. 

As described above in detail, according to the third 
embodiment, the type of the loaded optical disc is de- 
tected just by the difference in the thickness of the pro- 
tection layer, and the reading light emitting optical sys- 
tem is exchanged to be optimum one for the loaded op- 
tical disc, so that the optimum reproduction operation 
for the loaded optical disc can be easily performed. 

In the above third embodiment, the explanation has 
been made for the case of identifying two types of the 
optical discs which protection layer thicknesses are dif- 
ferent from each other (i.e. the CD and the DVD). How- 
ever, it is possible to construct the optical pickup appa- 
ratus 30 such that more than two reading light emitting 
optical systems may be prepared, more than two types 
of the optical discs may be identified and the reading 
light emitting optical systems may be exchanged in ac- 
cordance with the identified types of the optical discs. 

(4) Fourth Embodiment: 

In the third embodiment, two reading light emitting 
optical systems, each of which is provided with the driv- 
ing circuit, are provided. In a fourth embodiment, the 
driving circuit is commonly used by two reading light 
emitting optical systems, so that the whole circuit con- 
struction be simplified. 

Fl G. 8 shows a construction of an optical pickup ap- 
paratus as a fourth embodiment, which is equipped in 
an optical disc player, of the present invention. In FIG. 
8, constitutional elements same as those in the third em- 
bodiment of FIG. 6 carry the same reference numerals 
and the explanation thereof are omitted. In the fourth 
embodiment, it is assumed that two types of optical 
discs i.e. the CD and the DVD are loaded on the optical 
disc player. 

In FIG. 8, an optical pickup apparatus 40 is provided 


with: a first semiconductor laser diode 2A for emitting a 
reading light; a first grating 3A for separating the reading 
light from the first laser diode 2A into three beams; a 
first collimator lens 32A for converting the reading light, 
5 which is a diffused light from the first laser diode 2A and 
has optical parameters suitable for the CD, toacollimat- 
ed light; a second semiconductor laser diode 2B for 
emitting a reading light; a driving circuit 41 for driving 
the first laser diode 2A or the second laser diode 2B; a 
10 second grating 3B for separating the reading light from 
the second laser diode 2B into three beams; a second 
collimator lens 32B for converting the reading light, 
which is a diffused light from the second laser diode 2B 
and has optical parameters suitable for the DVD, to a 
15 collimated light; a first beam splitter 33 for transmitting 
the reading light from the first collimator lens 32A and 
reflecting the reading light from the second collimator 
lens 32B; a second beam splitter 34 for transmitting the 
reading light from the first beam splitter 33 toward the 
20 objective lens 9 and reflecting the reading light from the 
objective lens 9 toward a light receiving element 1 1 ; the 
objective lens 9 for condensing and focusing the reading 
light onto an optical disc 101; a concave lens 10 for 
shaping the reading light, which is transmitted from the 
25 objective lens 9 and reflected by the second beam split- 
ter 34; the light receiving element 11 for receiving the 
reading light shaped by the concave lens 1 0, converting 
it to an electrical signal and outputting it; and a switching 
circuit 42 for selectively connecting the driving circuit 41 
30 to the first laser diode 2A or the second laser diode 2B 
in accordance with the disc identification signal Sd. The 
optical disc player is provided with a disc identifying sen- 
sor 12 for identifying the type of the optical disc 1 01 and 
outputting a disc identification signal Sd indicating the 
35 identified type of the optical disc 1 01 , which has the con- 
struction same as that explained in the first embodiment 
by use of FIGs. 2A to 2C. 

Next the operation of the optical pickup apparatus 
40 will be described with referring to FIGs. 2A and 8. 
40 in advance of the information reproduction opera- 
tion, the optical pickup apparatus 40 closes the focus 
servo to get the reading light focused on the information 
record plane of the optical disc 101 . 

By this, the low pass filter 12A passes only the low 
45 frequency component of the voltage signal correspond- 
ing to the electric current flowing through the focus coil 
for driving the objective lens 9 in the focusing direction, 
and outputs it as the low frequency component signal 
having the voltage Vdc to the comparator 12B in FIG. 
so 2A. By this, the comparator 12B compares the voltage 
Vdc of the low frequency component signal with the 
standard voltage Vref and outputs the disc identification 
signal Sd corresponding to the identified type of the op- 
tical disc 101 , which is loaded on the optical disc player 
55 in FIG. 2A. 

By this, the switching circuit 42 selectively supplies 
a laser drivi.ng signal from the driving circuit 41 to the 
first laser diode 2A or the second laser diode 2B in ac- 


10 


19 


EP 0 725 395 A2 


20 


cordance with the disc identification signal Sd in FIG. 8. 

As a result, the selected laser diode 2A or 2B is driv- 
en so as to enable the reproduction operation. 

More concretely, it is assumed that the optical sys- 
tem of the optical pickup apparatus 40 is set to be suit- s 
able for the CD when the reading light is emitted from 
the first laser diode 2A and that the optical system of the 
optical pickup apparatus 40 is set to be suitable for the 
DVD when the reading light is emitted from the second 
laser diode 2B. When the disc identification signal Sd 10 
indicates the CD, the driving circuit 41 drives the first 
laser diode 2A through the switching circuit 42 to emit 
the reading light to perform the reproduction operation. 
When the disc identification signal Sd indicates the 
DVD, the driving circuit 41 drives the second laser diode is 
2B through the switching circuit 42 to emit the reading 
light to perform the reproduction operation. 

As described above in detail, according to the fourth 
embodiment, the type of the loaded optical disc is de- 
tected just by the difference in the thickness of the pro- 20 
tection layer, and the reading light emitting optical sys- 
tem, which is optimum for the loaded optical disc, is driv- 
en through the switching circuit 42, so that the optimum 
reproduction operation for the loaded optical disc can 
be easily performed. 25 

In the above fourth embodiment, the explanation 
has been made for the case of identifying two types of 
the optical discs which protection layer thicknesses are 
different from each other (i.e. the CD and the DVD). 
However, it is possible to construct the optical pickup 30 
apparatus 40 such that more than two laser diodes may 
be prepared, more than two types of the optical discs 
may be identified and the laser diodes may be switched 
over in accordance with the identified types of the optical 
discs. 35 

(5) Fifth Embodiment: 

Each of FIGs. 9 A and 9B shows a construction of a 
reading light emitting optical system of an optical pickup *o 
apparatus 50 as a fifth embodiment, which is equipped 
in an optical disc player, of the present invention. In 
FIGs. 9Aand9B, constitutional elements same as those 
in the third embodiment of FIGs. 7A and 7B carry the 
same reference numerals and the explanation thereof 45 
are omitted. 

The point of the optical pickup apparatus 50 of FIGs. 
9A and 9B different from the third embodiment of FIGs. 
7A and 7B is that a half mirror 51 is provided in place of 
the first beam splitter 33. Other constitutional elements so 
and the operation of the optical pickup apparatus 50 are 
the same as those of the third embodiment. 

According to the fifth embodiment, the type of the 
loaded optical disc is detected just by the difference in 
the thickness of the protection layer, and the reading ss 
light emitting optical system is exchanged to be optimum 
for the loaded optical disc, so that the optimum repro- 
duction operation for the loaded optical disc can be eas- 


ily performed in the same manner as the third embodi- 
ment. 

(6) Sixth Embodiment: 

FIG. 10 shows a construction of an optical pickup 
apparatus as a sixth embodiment, which is equipped in 
an optical disc player, of the present invention. In FIG. 
10, constitutional elements same as those in the first 
embodiment of FIG. 1 carry the same reference numer- 
als and the explanation thereof are omitted. 

As shown in FIG. 10, the construction of an optical 
pickup apparatus 60 is different from that of the first em- 
bodiment of FIG. 1 in that a slit plate 61 for correcting a 
light intensity distribution in the tangential direction of 
the record track i.e. the disc rotation direction of the op- 
tical disc 101 is provided in place of the correction ele- 
ment 6 for correcting the spherical aberration in the first 
embodiment. The slit plate 61 is driven by the driving 
mechanism 7 to move into and out of the optical path. 
Other constitutional elements of the sixth embodiment 
are the same as those of the first embodiment. 

Next the operation of the optical pickup apparatus 
60 will be described with referring to FIGs. 2A and 1 0 to 
14. 

In advance of the information reproduction opera- 
tion, the optical pickup apparatus 60 closes the focus 
servo to get the reading light focused on the information 
record plane of the optical disc 101 . 

By this, the low pass filter 12A passes only the low 
frequency component of the voltage signal correspond- 
ing to the electric current flowing through the focus coil 
for driving the objective lens 9 in the focusing direction, 
and outputs it as the low frequency component signal 
having the voltage Vdc to the comparator 12B in FIG. 
2A. By this, the comparator 12B compares the voltage 
Vdc of the low frequency component signal with the 
standard voltage Vref and outputs the disc identification 
signal Sd corresponding to the identified type of the op- 
tical disc 101 , which is loaded on the optical disc player 
in FIG. 2A. 

In this case, it is assumed that the DVD is construct- 
ed to have a record track pitch smaller than that of the 
CD, and also have an information pit size smaller than 
that of the CD, so as to improve the information record 
density, and that the numerical aperture of the objective 
lens 9 is set to be optimum for the reproduction of the 
DVD. 

By this, the control circuit 1 3 outputs the control sig- 
nal Sc to the driving circuit 8 to control the moving in and 
out operation for the slit plate 61 on the basis of the disc 
identification signal Sd. 

As a result, the driving circuit 8 outputs the driving 
control signal Sdr to the driving mechanism 7 on the ba- 
sis of the control signal Sc, so as to move the slit plate 
61 into and out of the optical path in accordance with 
the disc identification signal Sd. 

More concretely, in the same manner as the first 
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embodiment shown in FIG. 3, when the disc identifica- 
tion signal Sd indicates the CD, the slit plate 61 is moved 
into the optical path if the slit plate 61 is not in the optical 
path, and is not moved but remains as it is if the slit plate 
61 is already in the optical path as shown in FIG. 11. In 
FIG. 1 1 , the objective lens 9 is actuated in the focusing 
direction by an actuator movable member 9a, and the 
slit plate 61 prescribes the width of the reading light in- 
cident to the objective lens 9 by the plate portion around 
the slit. 

As a result, as shown in FIG. 1 2, the both edge por- 
tions of the pupil of the reading light beam, which is ap- 
plied onto the optical disc 101 , in the tangential direction 
of the record track, is shadowed by the slit plate 61 as 
indicated by a shaded area 61a on the optical disc 101 . 
Thus, the light intensity distribution in the tangential di- 
rection of the record track upon reproducing the Cn is 
corrected as shown in FIG. 13. At this time, as shown 
in FIG. 14, the reproduction signal after correction can 
be obtained by the reflection light from an information 
pit P, such that the distortion which would exists without 
the slit plate 61 is certainly corrected by the slit plate 61 , 
according to the sixth embodiment. 

On the other hand, when the disc identification sig- 
nal Sd indicates the DVD, the slit plate 61 is not moved 
but remains as it is if the slit plate 61 is not in the optical 
path, and is moved out of the optical path if the slit plate 
61 is in the optical path. 

As described above in detail, according to the sixth 
embodiment, the light intensity distribution correction 
optimum for each size of the information pit of the loaded 
optical disc is performed, so that the effect, which is sub- 
stantially same as the case of correcting the numerical 
aperture NA of the objective lens, can be achieved. 
Thus, the optimum reproduction operation for the load- 
ed optical disc can be easily performed. 

In the above sixth embodiment, the explanation has 
been made for the case of reproducing two types of the 
optical discs which protection layer thicknesses are dif- 
ferent from each other (i.e. the CD and the DVD). How- 
ever, it is possible to construct the optical pickup appa- 
ratus 60 such that a plurality of standard voltages are 
set to the comparator 12B of the disc identifying sensor 
1 2, more than two types of the optical discs may be iden- 
tified and a plurality of slit plates are exchanged in ac- 
cordance with the identified types of the optical discs to 
perform the reproduction operation optimum for each 
optical disc. 

(7) Seventh Embodiment: 

In the above sixth embodiment, the slit plate 61 is 
used for correcting the light intensity distribution. In a 
seventh embodiment of the present invention, a glass 
filter 71 shown in FIG. 15 for correcting the light intensity 
distribution is provided in place of the slit plate 61 in the 
construction shown in FIG. 10. As shown in FIG. 15, the 
glass filter 71 is constructed such that a coating layer is 


applied to both edge portions on a surface of a glass 
substrate so as to decrease the light transmissivity of 
the glass substrate at the edge portions thereof in the 
tangential direction of the record track. Other than that, 

5 the construction of the seventh embodiment is the same 
as the sixth embodiment. 

According to the seventh embodiment, the light in- 
tensity distribution correction optimum for each size of 
the information pit of the loaded optical disc is per- 

io formed, so that the effect, which is substantially same 
as the case of correcting the numerical aperture NA of 
the objective lens, can be achieved. Thus, the optimum 
reproduction operation for the loaded optical disc can 
be easily performed in the same manner as the sixth 

is embodiment. 

(8) Eight Embodiment: 

In the above seventh embodiment, the glass filter 
20 71 is used in place of the slit plate 61 in the construction 
of FIG. 10. In an eighth embodiment, a correction ele- 
ment 81 shown in FIG. 16 having gratings for correcting 
the light intensity distribution is used in place of the slit 
plate 61 of FIG. 10. As shown FIG. 16, the correction 
25 element 81 is constructed such that the gratings are pro- 
vided at both edge portions of a glass substrate in the 
tangential direction of the record track of the optical disc 
1 01 . The grating direction of each grating of the correc- 
tion element 81 is perpendicular to the tangential direc- 
30 tion of the record track. Other than that, the construction 
of the eighth embodiment is the same as the sixth em- 
bodiment. 

By use of the correction element 81 having the grat- 
ings in this manner, the intensity of the zero order light 

35 beam, which has passed through each grating at the 
edge portion, is lower than that of the light beam, which 
has passed through a central portion of the correction 
element 81 . Accordingly, the effect, which is substantial- 
ly same as the case of correcting the numerical aperture 

40 NA of the objective lens, can be achieved. Thus, the op- 
timum reproduction operation for the loaded optical disc 
can be easily performed in the same manner as the sixth 
embodiment. 

45 (9) Ninth Embodiment: 

In the above eighth embodiment, the grating direc- 
tion of each grating of the correction element 81 is per- 
pendicular to the tangential direction of the record track 

50 of the optical disc 101. In a ninth embodiment of the 
present invention, the grating direction of each grating 
of a correction element 91 is parallel to the tangential 
direction of the record track as shown in FIG. 17. Other 
than that, the construction of the correction element 91 

55 in the ninth embodiment is the same as the correction 
element 81 in the eighth embodiment. In fact, the grating 
direction for this kind of correction element 81 or 91 can 
be freely designed. 
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(10) Tenth Embodiment: 

In each of the above described sixth to ninth em- 
bodiments, the correction of the light intensity distribu- 
tion is performed by mechanically inserting an optical 
element i.e. the slit plate, the glass filter and the correc- 
tion element having the grating into the optical path, so 
as to correct the light intensity distribution in the tangen- 
tial direction of the record track. In contrast to this, an 
optical pickup apparatus 100 as a tenth embodiment is 
constructed such that a correction element consisting of 
a liquid crystal shutter 110, which light transmissive 
amount can be electrically controlled by a shutter driving 
circuit 111, is fixed in the optical path, as shown in FIG. 
18. In FIG. 18, constitutional elements same as those 
in the sixth embodiment of FIG. 10 carry the same ref- 
erence numerals and the explanation thereof are omit- 
ted. 

In FIG. 18, the liquid crystal shutter 110 shuts both 
edge portions of the emitted reading light in the tangen- 
tial direction of the record track such that a central por- 
tion of the emitted reading light in the tangential direction 
is transmitted through the liquid crystal shutter 1 1 0 when 
the liquid crystal shutter 110 is electrically driven by a 
shutter driving circuit 111 to shut. The shutter driving cir- 
cuit 111 electrically drives the liquid crystal shutter 110 
to shut in accordance with the disc identification signal 
Sd. 

According to the tenth embodiment, in addition to 
the advantageous effect of the sixth embodiment, since 
the driving mechanism for the correction element is not 
necessary, the construction of the optical pickup appa- 
ratus 100 can be made simplified and the size of the 
optical pickup apparatus 100 can be made small. 

(11) Eleventh Embodiment: 

In each of the above described sixth to tenth em- 
bodiments, the correction of the light intensity distribu- 
tion is performed by a separate optical element exclu- 
sive for correcting the light intensity distribution i.e. the 
slit plate, the glass filter, the correction element having 
the grating and the correction element electrically func- 
tioning as the correction element. In contrast to this, an 
optical pickup apparatus 200 as an eleventh embodi- 
ment is constructed such that a separate correction el- 
ement does not exists. Instead, by applying the coating 
layer or by forming the gratings on one of the optical 
elements disposed in the optical path between the laser 
diode 2 and the optical disc 101 i.e. the grating 3', the 
half mirror 4', the collimator lens 5' and the objective lens 
9', the correction element for correcting the light inten- 
sity distribution is formed in one body with this one of 
the optical elements. In FIG. 1 9, constitutional elements 
same as those in the sixth embodiment of FIG. 10 carry 
the same reference numerals and the explanation there- 
of are omitted. In FIG. 19, the optical element (the grat- 
ing 3', the half mirror 4*, the collimator lens 5' or the ob- 


jective lens 9') formed in one body with the correction 
element is adapted to be exchanged, or electrically con- 
trolled so as to change the light transmissive property 
in the tangential direction of the record track in accord- 
s ance with the identified type of the loaded optical disc 
101. 

According to the eleventh embodiment, in addition 
to the advantageous effect of the sixth embodiment, 
since the separate correction element is not installed, 
10 the construction of the optical pickup apparatus 200 can 
be made simplified and the size of the optical pickup ap- 
paratus 200 can be made small. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
is acteristics thereof. The present embodiments are there- 
fore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing de- 
scription and all changes which come within the mean- 
20 ing and range of equivalency of the claims are therefore 
intended to be embraced therein. 


Claims 

25 

1. An optical pickup apparatus (1, 20.. 30 ; 40. 50)for 
an information reproducing apparatus adapted to 
reproduce one (101 ) of at least first and second type 
optical record media which is loaded on said mlor- 
30 mation reproducing apparatus, said first and sec- 
ond type optical record media having distances 
from surfaces to information record planes different 
from each other, characterized in that said optical 
pickup apparatus comprises: 

35 

a light emission means (2, 2A, 2B) for emitting 
a reading light; 

an objective lens (9) for focusing the emitted 
reading light onto the information record plane 

40 of said loaded one of said first and second type 

optical record media such that a focus condition 
of the focused reading light is optimum with re- 
spect to said first type optical record medium 
acorrection means (6, 7, 8, 1 3, 5B. 7A. 8A. 31 B. 

45 32B, 41, 42) for correcting a spherical aberra- 

tion of the focused reading light with respect to 
said second type optical record medium due to 
a difference in the distances from the surfaces 
to the information record planes between said 

50 first and second type optical record media when 

said second type optical record medium is load- 
ed; and 

a light receiving means (11) for receiving a re- 
flection light of the focused reading light from 
55 the information record plane of said loaded one 

of said first and second optical record media. 

2. An optical pickup apparatus (1) according to claim 
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1 , characterized in that said correction means (6, 7, 
8, 1 3) comprises: 

a correction element (6) for correcting the 
spherical aberration when said correction ele- s 
ment is placed in an optical path of the emitted 
reading light between said light emission 
means and said objective lens; and 
a moving means (7, 8, 13) for selectively mov- 
ing said correction element into the optical path 10 
and out of the optical path in accordance with 
a disc identification signal, which is inputted 
from the external and indicates the type of said 
loaded one of said first and second optical 
record media. is 

3. An optical pickup apparatus (20) according to claim 
1 , characterized in that said optical pickup appara- 
tus further comprises a first optical element (5A) for 
guiding the emitted reading light from said light 20 
emission means to said objective lens when said 
first optical element is placed at a predetermined 
optical position in an optical path between said light 
emission means and said objective lens, 

25 

said correction means (5B, 7A, 8A, 13) com- 
prising: 

a second optical element (5B) for guiding the 
emitted reading light from said light emission 
means to said objective lens and for correcting 30 
the spherical aberration when said second op- 
tical element is placed at the predetermined op- 
tical position; and 

an exchanging means (7A, 8 A, 13) for ex- 
changing said first and second optical elements 35 
to each other such that said first optical element 
is placed at the predetermined optical position 
when said first type optical record medium is 
loaded and that said second optical element is 
placed at the predetermined optical position 40 
when said second type optical record medium 
is loaded, in accordance with a disc identifica- 
tion signal, which is inputted from the external 
and indicates the type of said loaded one of said 
first and second optical record media. 45 

4. An optical pickup apparatus (20) according to claim 
3, characterized in that said first optical element 
comprises a first collimator lens (5A) for collimating 
the emitted reading light, and said second optical so 
element comprises a second collimator lens (5B) for 
collimating the emitted reading light and for correct- 
ing the spherical aberration. 

5. An optical pickup apparatus (30, 40, 50) according ss 
to claim 1 , characterized in that 

said light emission means comprises at least 


first and second light sources (2A, 2B) for emit- 
ting first and second reading lights respectively, 
said optical pickup apparatus further comprises 
a first optical element (32A) for guiding the first 
reading light from said first light source to said 
objective lens, and 

said correction means comprises: a second op- 
tical element (32B) for guiding the second read- 
ing light from said second light source to said 
objective lens and for correcting the spherical 
aberration; and a driving means (31 A, 31 B, 1 3) 
for selectively driving said first and second light 
sources to emit the first and second reading 
lights respectively such that said first light 
source emits the first reading light when said 
first type optical record medium is loaded and 
that said second light source emits the second 
reading light when said second type optical 
record medium is loaded, in accordance with a 
disc identification signal, which is inputted from 
the external and indicates the type of said load- 
ed one of said first and second optical record 
media. 

6. An optical pickup apparatus (30) according to claim 
5, characterized in that said driving means compris- 
es: 

a first driving circuit (31 A) for driving said first 
light source; 

a second driving circuit (31 B) for driving said 
second light source; and 
a driving control circuit (1 3) for controlling said 
first and second light sources to selectively emit 
the first and second reading lights respectively 
in accordance with the disc identification signal 

7. An optical pickup apparatus (40) according to claim 
5, characterized in that said driving means compris- 
es: 

a driving circuit. (41 ) for driving one of said first 
and second light sources, which is electrically 
connected with said driving circuit; and 
a switching means (42) for electrically connect- 
ing said driving circuit to said first light source 
when said first type optical record medium is 
loaded and electrically connecting said driving 
circuit to said second light source when said 
second type optical record medium is loaded, 
in accordance with the disc identification signal. 

8. An optical pickup apparatus (30, 40) according to 
any one of claims 5 to 7, characterized in that said 
optical pickup apparatus further comprises a beam 
splitter (33) disposed between said light emission 
means and said objective lens for combining optical 
paths of the first and second reading lights respec- 
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tively emitted from said first and second light sourc- 
es. 

9. An optical pickup apparatus (50) according to any 
one of claims 5 to 7, characterized in that said op- s 
tical pickup apparatus further comprises a half mir- 
ror (51) disposed between said light emission 
means and said objective lens for combining optical 
paths of the first and second reading lights respec- 
tively emitted from said first and second light sourc- io 
es. 


intensity distribution when said correction ele- 
ment is placed in an optical path of the emitted 
reading light between said light emission 
means and said objective lens; and 
a moving means (7, 8, 1 3), for selectively mov- 
ing said correction element into the optical path 
and out of the optical path in accordance with 
a disc identification signal, which is inputted 
from the external and indicates the type of said 
loaded one of said first and second optical 
record media. 


10. An optical pickup apparatus (30, 40, 50) according 
to claim 5, characterized in that said first optical el- 
ement comprises a first collimator lens (32A) for col- 
limating the first reading light, and a second colli- 
mator lens (32B) for collimating the second reading 
light and for correcting the spherical aberration. 

11. An optical pickup apparatus (60) for an information 
reproducing apparatus adapted to reproduce one 
(101 ) of at least first and second type optical record 
media which is loaded on said information repro- 
ducing apparatus, said first and second type optical 
record media having information pits, which sizes 
are different from each other, and record tracks, on 
which said information pits are arranged respective- 
ly, characterized in that said optical pickup appara- 
tus comprises: 

a light emission means (2) for emitting a read- 
ing light; 

an objective lens (9) for focusing the emitted 
reading light onto the information record plane 
of said loaded one of said first and second type 
optical record media such that a light intensity 
distribution in a tangential direction of the 
record track of the focused reading light is op- 
timum with respect to said first type optical 
record medium; 

acorrectionmeans (61, 7, 8, 13) for correcting 
the light intensity distribution in the tangential 
direction of the focused reading light with re- 
spect to said second type optical record medi- 
um due to a difference in the sizes of the infor- 
mation pits between said first and second type 
optical record media when said second type op- 
tical record medium is loaded; and 
a light receiving means (11) for receiving a re- 
flection light of the focused reading light from 
the information record plane of said loaded one 
of said first and second optical record media. 

12. An optical pickup apparatus (60) according to claim 
11, characterized - in that said correction means 
comprises: 

a correction element (61 ) for correcting the light 


1 3. An optical pickup apparatus (60) according to claim 
11, characterized in that said correction means 

15 comprises a slit plate (61 ) having a light cutting plate 
formed with a slit for shadowing both edge portions 
of the emitted reading light in the tangential direc- 
tion by the light cutting plate and for transmitting a 
central portion of the emitted reading light in the tan- 

20 gential direction through the slit. 

14. An optical pickup apparatus (60) according to claim 
11, characterized in that said correction means 
comprises a glass filter (71) having a glass plate 

25 and coating layers formed on both edge portions of 
a surface of the glass plate such that both edge por- 
tions of the emitted reading light in the tangential 
direction are shadowed by the coating layers and 
that a central portion of the emitted reading light in 

30 the tangential direction is transmitted through a por- 
tion of the glass plate between the coating layers 

15. An optical pickup apparatus (60) according to claim 
11 , characterized in that said correction means (81 , 

35 91 ) comprises a glass plate and gratings formed on 
both edge portions of a surface of the glass plate 
such chat both edge portions of the emitted reading 
light in the tangential direction are transmitted 
through the gratings and that a central portion of the 

40 emitted reading light in the tangential direction is 
transmitted through a portion of the glass plate be- 
tween the gratings. 

16. An optical pickup apparatus (60) according to claim 
45 n, characterized in that said correction means 

comprises: 

a liquid crystal shutter (110) which is fixed in an 
optical path between said light emission means 

50 and said objective lens. for shutting both edge 

portions of the emitted reading light in the tan- 
gential direction such that a central portion of 
the emitted reading light in the tangential direc- 
tion is transmitted therethrough when the liquid 

55 crystal shutter is electrically driven to shut; and 

a liquid crystal driving means (111) for electri- 
cally driving said liquid crystal shutter when the 
second type optical record medium is loaded. 
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17. An optical pickup apparatus (200) according to 
claim 11, characterized in that said correction 
means is disposed on one of a grating (3 1 ), a half 
mirror (4*), a collimator lens (5*) and the objective 
lens (9') which are arranged in an optical path from 5 
said light emission means to said loaded one of said 
first and second optical record media. 

18. An identification apparatus (12) for identifying a 
type of optical record medium (101) loaded on an 10 
information reproducing apparatus among at least 
first and second type optical record media which 
have distances from surfaces to information record 
planes different from each other, said information 
reproducing apparatus comprising: an objective is 
lens (9) for focusing a reading light onto the infor- 
mation record plane of the loaded optical record 
medium; and a focus coil for driving said objective 
lens in a focusing direction, characterized in that 
said identification apparatus comprises: 20 

a detection means for detecting a voltage cor- 
responding to a current, which flows through 
the focus coil when a focusing condition is op- 
timum, and outputting a voltage signal indicat- 25 
ing the detected voltage; 
a low pass filter (1 2 A) for passing a low frequen- 
cy component of the voltage signal and output- 
ting a low frequency component signal; and 
a comparison means (12B) for comparing a so 
voltage of the low frequency component signal 
with at least one standard voltage, which is set 
in advance based on the distances from the 
surfaces to the information record planes of 
said first and second optical record media, and 35 
for outputting an disc identification signal, 
which indicates the type of said loaded optical 
record medium, on the basis of a result of com- 
paring. 
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